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OUTLINES

1. Khai niém chung
2. Pac tinh ddéng hoc chat lwu
3. Phan loai chuyén déng

4. Phwong trinh lién tuc cta dong chat lwu



1. Khal niém chung

Thay déng lwc hoc nghién cu cac qui luat dac trwng chuyén dong clua
chat Iwu va nghién ctu ng dung cac qui luat doé vao thwe té ddi sdng va
san xuat.

Céac thong so6 dac trwng: (u, p, p...)

Vi ta coi chat 1dng la mdt moi trwdng lién tuc nén cac dai lwong co ly déu
la ham so lién tuc cua toa dd khoéng gian va thoi gian:

u=u(x,y,z,t)
p=p XYzt
p=p XYz

u, p, p - goi la cac yéu té chuyén déng, cac yéu té thuwong hay duoc xét
dén nhat la u, p con p coi nhuw khong daéi vi ta xem lwu chat la khdng nén
duoc.



1. Khal niém chung

a) Ap suat thay déng: ky hiéu p [N/m?]
Phwong: p c6 phwong khac nhau tuy theo chat 16ng la ly twédng hay
thwc.
Trong chat 1dng ly twdng ap suat thdy ddng tac dung thang goc va huwéng
vao mat chiu tac dung.
Trong chat 16ng thwc ap suat thay ddng tuy van hwdng vao mat chiu tac
dung nhwng khéng theo phuwong phap tuyén vi né 1a tbng hop cla ng
suat phap tuyén va &ng suat tiép tuyén do lwc nhét gay ra.
Gié tri cla ap suat thuy dong p tai mot diém bang:

_ pPX+py +pz

p 3

Trong do: p,, Py, P, - |a cac rng suat phap tuyén dwoc chiéu 1én ba mat

vuong goc v&i ba truc ox, oy, 0z clia hé toa dd vudéng goc bat ky dat trong
dong chat 16ng.




1. Khal niém chung

b) Vén toc: , ‘ ,
Van toc dieém ttre thoi, ky hiéu u(x,y,z,t): la van toéc cia mét phan tir chat
long do tai mét vi tri nhat dinh trong dong chay tai mét thdi diem nhat
dinh.
Van téc diém trung binh th&i gian: ky hiéu 1a @: l1a gia tri trung binh cla
van toc trong mét khoang théi gian T du dai.

T

0= L ar
u - T u
0 Vé
Van toc trung binh cua dong chay hoac lwu toc trung binh, ky hiéu v.g: 1a
gia tri cua van toc dwoc tinh trung binh trén mét mat cat ngang vudéng géc
v&i truc dong chay.

1
VTB=§ fS udS

(Hay con goi 1a van toc trung binh thiét dién wot).



2. Pac tinh déng hoc chat lwu

a) Pwéng dong, éng dong, dong nguyén to

Hinh 3.1 Phan loai dong chay



2. Pac tinh ddng hoc chat lwu

a) Pwéng dong, éng dong, dong nguyén to

Hinh 3.2 Phan /loai dong chay




2. Pac tinh déng hoc chat lwu

a) Pwéng dong, éng dong, dong nguyén to

Hinh 3.3 Quy dao, dudong dong, éng dong



2. Pac tinh déng hoc chat lwu

b) Mét cat wét, chu vi wét, ban kinh thuy Iwc

’ . s
S ' S
1 Nk | UX

Hinh 3.4 Dd&c trung thay lwc cua dong chay




2. Pac tinh déng hoc chat lwu

b) Mat cat wét, chu vi wét, ban kinh thuy lwe

Mat cat wot: ky hiéu S, [m?]- 1a mat cat vuéng goc véi tat ca cac dudong
dong.

Khi cac dwérng dong song song, mat cat wét 1a mat phang.

Khi cac dwdrng dong khdng song song, mat cat wét 1a mat cong.

Mat cat wét nguyén to: ky hiéu dS, [m?]- 1a mat cat ngang ciia mot dong
nguyén td, do do vb cliing nhé cé thé coi la mét méat phang, van téc tai
moi diém trén dé déu bang nhau va bang van toc diém tire thoi.

Chu vi wét, ky hiéu x [m] - 1& dwong giao tuyén gitka mat cat wot va

thanh ran gi¢i han dong chay.
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2. Pac tinh déng hoc chat lwu

b) Mét cat wét, chu vi wét, ban kinh thuy lyc ,
Ban kinh thuy lwc, ky hiéu R, [m] - la ti sG gilra dién tich mat cat wét

chia cho chu vi uért.

R, =2

Y X ’
Can phan biét ban kinh thay Iwc R, va ban kinh dng r. ,
Vi du: Cho dong chat long chay day (chay co ap) trong mét ong tron

ban kinh r, ta co:

_ Tr?

Rh: = == =

S r _d
X 2nr 2 4




2. Pac tinh déng hoc chat lwu

¢) Lwu lwong, van toéc trung binh mat cat woét

Hinh 3.5 Phan bd van téc trung binh



2. Pac tinh déng hoc chat lwu

c) Lwu lwgng, van téc trung binh mét cat wot

Lwu lwong: la lwvong chat lwu chay qua mat cat wét trong mét don vi tho

gian.

Lwu lwong Cf)’thé tinh theo thé tich, khdi lwong hodc trong lwong.

Lwu lwong thé tich, ky hiéu Q [m3/s], con cé thé dung I/s, m3/h,... con

duwoc goi la Iu’y ltrong.

Lwu lwong khéi lwong, ky hiéu M [kg/s], con c6 thé dung g/s, kg/h, ...
M=pQ

Lwu lwong trong lwong, ky hiéu G [N/s], con cé thé dung N/ph, kGfs,...
G=yQ =pgQ =gM



2. Pac tinh déng hoc chat lwu

¢) Lwu lwong, van toéc trung binh mat cat woét
Lwu lwong cha dong nguyén td, ky hiéu dQ, [m3/s] — Ia thé tich chét Iwu
chuyén dong qua mat cat wét nguyén tb trong 1 don vi thoi gian. Ta co:
dQ = udS
dS: dién tich mat cat wét dong nguyén to, m?
u: van toc trén mat dSs, m/s
Vay: Lwu lwong cua toan dong chay:

Q=/,dQ = f,uds



2. Pac tinh déng hoc chat lwu

¢) Lwu lwong, van toéc trung binh mat cat woét
Van téc trung binh mat cat wét, ky hiéu v [m/s] — 1a gia tri van toc ma lwu
lwong tinh theo no ciling bang Iwu lwong tinh theo quy luat phan bd van
tdc thwe cda dong chay. Ta co:

Q=JudS= [ vdS =v [.dS
Suy ra:

Q=VS & v=%



3. Phan loai chuyén déng

1. Chuyén déng khéng 6n dinh, chuyén déng é6n dinh, chuyén déng
trung binh thoi gian
a) Chuyén déng khéng én dinh (khdng dieng):
La chuyén ddng trong do6 cac yéu td chuyén ddng u, p, p 1& ham sb cla
toa do knong gian va thoi gian.

u=rf,(x,y,z,1) ; % =0

p =f,(X,y,2,1) ; % =0
p = fa(X,y,2,1) ; %—f 0




3. Phan loai chuyén déng

1. Chuyén déng khéng 6n dinh, chuyén déng é6n dinh, chuyén déng
trung binh thoi gian

b) Chuyén déng 6n dinh (dirng):

La chuyén déng trong dé cac yéu td chuyén déng u, p, p ... tai moi diém
khong phu thudc thoi gian.

u=",(x,y,2) ; —:O
p =1f5(x,y,2) ; —=0
—f6(xyz) P -0

2—’
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3. Phan loai chuyén déng

1. Chuyén déng khéng 6n dinh, chuyén déng é6n dinh, chuyén déng
trung binh thoi gian

c) Chuyén déng 6n dinh trung binh thoi gian.

Trong k¥ thuat cong nghiép, cac yéu to u, p, p, ... phu thudc thdi gian va
khdng gian, nhwng xét vé gié tri trung binh trong mot théi gian T da da
thi chiing gan nhw khéng déi, te 1a:

o = % ftHT u,, dt Van téc trung binh thdi gian theo u,.
Ty, = % ftHT u, dt Van toc trung binh thoi gian theo u,.
T, = % ftHT u, dt Van toc trung binh thi gian theo u,,.

_ _;3*

a) b)




3. Phan loai chuyén déng

1. Chuyén déng khéng 6n dinh, chuyén déng é6n dinh, chuyén déng
trung binh thoi gian

c) Chuyén déng on dinh trung binh thoi gian.

CO tri so gan nhw khéng déi néu T da dai. Vi vay cac dong chay do 90|
la dong 6n dinh trung binh th&i gian. Trong ky thuat ngudi ta cd gang dé
tao ra dong chay 6n dinh.

Pac diém cua dong nguyén to trong chuyén déng 6n dinh.

Trong chuyén ddng 6n dinh, dwdng dong khoéng phu thudc théi gian, do
do cac dong nguyén toé khdng bién dang theo khdng gian.

Chat I6ng khdng xuyén qua 6ng dong tir trong ra ngoai va tlr ngoai vao
trong. Trong trwo'ng hop nay, dwdng dong trung voi qui dao.



3. Phan loai chuyén déng

2. Chuyén déng déu, chuyén déng khdong déu

Chuyén ddng 6n dinh dwoc chia lam hai loai.

a) Chuyén dong déu: 1a chuyén dong trong do quy luat phan bd van
tdc trén mat cat wot khong dbi doc theo dong chay.

Trong dong chay déu ap suat phan bd theo qui luat thay tinh:

ya +$: const

b) Chuyén dong khong deéu: la chuyén déng trong d6 quy luat phan bo
van toc trén cac mat cat wdt thay doi doc theo dong chay.




3. Phan loai chuyén déng

3. Chuyén déng déi dan va chuyén déng déi gap
Chuyén déng khong déu chia lam 2 loai:
c) Chuyén dong do6i dan: (con goi Ia dong bién ddi cham) 1a chuyén
ddng khdng déu trong d6 cac dwdrng dong gan nhw song song.

Phan bd ap suat trong dong chay doi dan ciing tuan theo quy luat thay
tinh:

ya +$: const

d) Chuyén déng doi gap: la chuyén dong ma cac yeu to thay luc va
yéu t6 chuyén déng thay doi dét ngdt doc theo dong chay.

_ ;2*

a) b)




3. Phan loai chuyén déng

4.Chuyén déng xody va khéng xoay

-rotd # 0 Chuyén ddng xoay.
-rotd = 0 Chuyén dong khoéng xoay:.

Cu thé trong chuyén ddng xody ta cé: rot i = 23 ‘ ’

Vay chuyén déng xoday la chuyén déng ma cac phan to chat long tw
guay xung quanh mét truc quay tire thoi di qua ban than phan tor chat
Iong.



3. Phan loai chuyén déng

5. Chuyén déng c6 ap va chuyén déng khéng ap

a) Chuyén déng c6 ap: 1a chuyén dong khéng c6 mat thoang, chat Idng
chuyén déng do chénh l&éch &p nang gitra cAc mat cat.

b) Chuyén déng khong ap: 1a chuyén ddng c6 mat thoang, chat 1éng
chuyén ddng do chénh l&ch vi nang gira cac mat cat..




3. Phan loai chuyén déng

6. Chuyén déng mét chiéu, hai chiéu, ba chiéu

a) Chuyén déong mét chiéu (con goi la chuyén dong thang):

Goi uy, uy, u, - 1 hinh chiéu cta u [én 3 tryc.

Vi du:

Ta c6 chuyén dong mat chiéu theo truc x: uy # 0, uy, =0, u, = 0.

Vay: chuyén dong mot chiéu la chuyén ddng ma van toc tai mat phang
vubng goc va&i truc chuyén déng bang khéng.

Trong chuyén ddng mot chiéu, tai mat phang vudng goc véi truc chuyén
ddng ap suat phan b theo qui luat thay tinh:

Z +$: const



3. Phan loai chuyén déng

6. Chuyén déng mét chiéu, hai chiéu, ba chiéu

b) Chuyén déng hai chiéu (chuyén ddng phang):
Vi du: chuyén dong hai chiéu trong mat phang (xoy):
uy #0,u, #0,u, = 0.

c) Chuyén ddng ba chiéu (chuyén déng khong gian):
u, 70, uy?fO, u, #0.



4. Phwong trinh lién tuc cta dong chat lwu

1) Phwong trinh chuyén déng cta dong nguyén to

P2, dS; _

Hinh 3.6 Phuong trinh chuyén ddng cda dong nguyén té



4. Phwong trinh lién tuc cta dong chat lwu

1) Phwong trinh chuyén déng ctia dong nguyén té
Trong mdt dong nguyén td chuyén dong 6n dinh ta xét khoi chat lwu gidi
han gitra hai mat cat 1-1 va 2-2.
Xét trong khoang th&i gian dt:
Khoi lwgng chat lwu chdy qua mat cat 1-1 vao doan 1-2 1a;
m, = p,dQ,dt = p,u,dS,dt
Khoi lwgng chat lwu chdy qua mat cat 2-2 ra khéi doan 1-2 &

m, = p,dQ,dt = p,u,dS,dt
P2, d82




4. Phwong trinh lién tuc cta dong chat lwu

1) Phwong trinh chuyén déng cta dong nguyén té
Ap dung nguyén ly bao toan khodi lwong trén doan 1-2: m; = m,
p1u;dS;dt = p,u,dS,dt
Hay: piu;dS; = ppu,dSs;
- dM; = dM,
Néu chat lwu khdng nén dworc:
p = const hay p; = p,
u,;dS; = u,dS,
- dQ; =dQ;




4. Phwong trinh lién tuc cta dong chat lwu

2) Phwong trinh lién tuc cua toan dong chay
Piéu kién 1ap phwong trinh [a dong chay co kich thwdc hivu han.
Ta m& rdng phwong trinh lién tuc cla dong nguyén té cho toan dong
chay bang cach tich phan phwong trinh cta dong nguyén to trén toan
mat cat wot S. Ta co:
Pai v&i lu chat khong nén dwoc p = const:

fsl u;dS; :fsz updS; - Q =Q, hay v;S; =v,S,

P2, d82

Pl,dsl




4. Phwong trinh lién tuc cta dong chat lwu

2) Phuwong trinh lién tuc cua toan dong chay
Péi véi lwu chat nén duwoc p # const:

M; = M; hay p1v;S; = paVv,S,; .
Trén day la cac phwong trinh lién tuc cua toan dong on dinh co kich
thwde hiru han.
Vay trong dong chay 6n dinh, lwu lwong qua moi mat cat wét déu bang
nhau va van toc trung binh v ti 1& nghich véi dién tich mat cat wot.

p?.a dS?.




4. Phwong trinh lién tuc cta dong chat lwu

3) Phwong trinh vi phan lién tuc dang téng quét

opU, dx. AV =dxdx,dx,
2

pU., +
’ i Ox.,
/
. dpU,
pU, — » pU, Jr%abc1
/ |
* T /
X I
X; pU,

Hinh 3.7 Phuwong trinh vi phan t6ng quat



4. Phwong trinh lién tuc cta dong chat lwu

3) Phwong trinh vi phan lién tuc dang téng quét
* Piéu kién dé l1ap phwong trinh
- Mbi trwérng khong c6 diém nguon va diém hut.

- Khéng xay ra phan &ng héa hoc lam thay déi thé tich chat lwu.

* Lap phuwong trinh vi phan lién tuc.

Poi v&i chuyén déng khdng 6n dinh va Iwu chat nén dworc, ta co:

) IR
a—f+dlv(pu):O

pU, +

» pU, +

opU, dx. AV = dxdx,dx,
2

%PY; dx,
1

1



4. Phwong trinh lién tuc cta dong chat lwu

3) Phwong trinh vi phan lién tuc dang téng quét

Chirng minh:

S dung diéu kién bao toan khdi lwong theo thoi gian dbi véi phan té
ong: dm = deav) _
ong. dt dt

Trong moi trwdng chat lwu ta twdng twong tach ra mét phan to 16ng
dang hinh hép chir nhat ABCDAB’C’D’ (hinh vé).

Ta co: o
A ’, A y4 > P, V= XX,
AV = dxdydz - thé tich phan t6 long pUz 5 i
p = p(X,y,2,1) khoi lwong riéng chat lwu. | y
pU, —— — pU, + % dx,




4. Phwong trinh lién tuc cta dong chat lwu

3) Phwong trinh vi phan lién tuc dang téng quét

Ta tinh bién dang dai theo truc x gay ra do sw chénh van toc cia mat
ABCD va AB’C’D’ la:

Gia str mat ABCD c6 van toc 1a uy;

Ta c6 mat AB’'C’'D’ c6 van toc Ia:

OJuy
+ —= dXx
Ux 0x Ej
(theo khali trien Taylor) opU
pU, + PY, dx, dV = dx dx,dx,
. 0%
1
opU,
pU, > » pU, + ox, dx,
S




4. Phwong trinh lién tuc cta dong chat lwu

3) Phwong trinh vi phan lién tuc dang téng quét
Sau mét khoang th&i gian dt: ‘

.mat ABCD dich chuyén sang phai mét doan bang: u.dt;

.mat AB’C’D’ dich chuyén mét doan bang: (u,+ % dx)dt

Vay sau thoi gian dt, thé tich phan t6 I6ng thay doi theo truc x mét
lweng tuyét daoi la:

dAV, = [(uy+ S dx)dt - u,d] dydz

pU, + opU, dy, 4V = dxdx.dx,

= 2% gy dydzdt -
0Xx y ./
pU > » pU, + agfl dx,
/ _____________________ 1
X, T




4. Phwong trinh lién tuc cta dong chat lwu

3) Phwong t,r‘mh vi phan lién tuc dang téng quat
Twong tw, d6i voi y, z ta co:

du
dAVy= a—yy dxdydzdt

dAV,= 2% dxdydzdt

S thay dbi toan phan cta thé tich phan t6 1dng sau thoi gian dt Ia:
dAV = dAVy + dAV, + dAV,

opU dV = dx,dx,dx
Jdu Jdu Jdu pPU, + zdxz R
dAV = (2 + —=2 + —%)dxdydzdt L
0x oy 0z -
v
_ opU,
pU > pU, + or, dx,
S




4. Phwong trinh lién tuc cta dong chat lwu

3) Phwong trinh vi phan lién tuc dang téng quét

Do d6 van toc bién dang twong dbi clia thé tich phan td chat I1dng sé la:
1 dAV _ duy n duy n ou,

AV dt ox 9y 0z
Thay vao ta co:

G
l(@u + By 4 20y +@)+%+ uy+aauZ:O

p\ox = dy Y dz 2 ot 0Xx dy z
1 ,0p ap ap ap
Hay: - (z-uy +=——uy, + —u, + —+ _
a‘y D aax X ay y 07 Z ot pU2+apU2 dx, dV = dx,dx,dx,
auX uy auZ i t :
—X 4L 4 = |
P 0Xx P dy P az) 0 | /7
pU > » pU, + agfl dx,
S
X, T




4. Phwong trinh lién tuc cta dong chat lwu

3) Phwong trinh vi phan lién tuc dang téng quét
Nhoém céc dai lwong va chuyén vé dao ham cua mét tich, ta dwoc:
op .~ dp duy . Jp duy
— 4+ —u, + + + p—=
adt 0x Ux T P 0x dy Uy P dy
ap du,
+—=u,+ =
07 l'IZ p
dp L 9(Pux) . 9(Puy)  9(Pug) _ 0
ot 0X dy 0z

Hoac co thé viét gon theo ky hiéu toan hoc: U+ Pl gy, AV =i
. o ¢
a—i + div(pu) =0 N
Phwong trinh trén con dwoc goi la v, | Lo+ P
pt vi phan lién tuc cua dong S 1
chat khi chuyén dong khong dcrng. i R —




4. Phwong trinh lién tuc cta dong chat lwu

3) Phwong trinh vi phan lién tuc dang téng quét
Cac trwdng hop riéng:
+ Chuyén déng 6n dinh, lwu chat nén dwoc p # const:
div(pu) =0
Phwong trinh trén con dwoc goi 1a pt vi phan lién tuc cda dong chat khi
chuyén déng dirng.
+ Chuyén déng 6n dinh,

lwu chat khéng nén dwoc p = const: p,+ DU g, Y =
N s
divu =0 ]
duy , duy = Juy, 7
Hay 6x ay aZ O PU1 X ‘ PU1 + 527;]1 dxl
/ _____________________ 1
X, T




4. Phwong trinh lién tuc cta dong chat lwu

3) Phwong trinh vi phan lién tuc dang téng quét
Céac trwdng hop riéng: Chuyén déng 6n dinh, lwu chat nén duoc p #
const:

div(pu) =0
Phwong trinh trén con dwoc goi 1a pt vi phan lién tuc cda dong chat khi
chuyén déng dirng.
Chuyén déng 6n dinh, Iwu chat khdng nén dwoc p = const:

divui =0

~duy . Ou ou, _ oU, L 9pU, dx, AV = dndx.dx,
Hay: ox * ayy+ 0z =0 iax
Phwong trinh trén con dwoc goi 1a A o
pt vi phan lién tuc cia dong T T S
chét 1dng chuyén déng dirng. N / 1 """""""""




4. Phwong trinh lién tuc cta dong chat lwu

3) Phwong trinh vi phan lién tuc dang téng quét
Biéu thirc cudi cling con dwoc dung lam diéu kién dé xét s ton tai cla
chuyén déng.
Vi du: xét chuyén déng phang:
Uy = ax + by ;u, =bx +ay
Dung diéu kién trén ta co:

duy , Ouy _ _
ot T a+ a,— 2a#0 sV —as
Vay khbng ton tai chuyén déng nay. — %,
A
PU, > » pU, + a’g ;]1 dx,
S |










